Objective: The aims of this study were to compare the clinical outcomes between imageguided percutaneous microwave ablation (MWA) and cryoablation (CRA) in patients with hepatocellular carcinoma (HCC) in high-risk locations and to identify the prognostic factors associated with the two treatment methods. Methods: This retrospective study was institutional review board approved. A total of 120 patients (88 men and 32 women) with one hundred and thirty-four HCC lesions in high-risk locations from April 2014 to March 2018 were reviewed. Sixty-four patients underwent MWA and 56 patients underwent CRA. Survival, recurrence and complications were compared between the two groups. Effect of changes in key outcomes (i.e., overall survival (OS), recurrence-free survival (RFS) and local tumor progression (LTP)) was statistically analyzed with the log rank test. Univariate and multivariate analysis were performed on clinicopathological variables to identify factors affecting intermediate-term outcomes. Results: The OS and RFS after MWA were comparable to those of CRA (P =0.141, and P=0.469, respectively). The LTP and major complication in MWA group was higher than those in CRA group (P=0.003, and P=0.039). Univariate analysis showed that age (P=0.007), tumor size (P=0.001), and Child-Turcotte-Pugh (CTP) grade (P=0.003) were risk factors for OS, and multivariate analysis results showed that older age (≥65 years) (P=0.002, HR:3.338, 95% CI:1.928-5.281), 3.0-5.0 cm in size (P<0.001, HR: 3.312, 95% CI: 1.872-4.489) and CTP grade B (P=0.001, HR:3.382, 95% CI: 1.882-5.902) were independently associated with poor OS. Conclusion: CRA had comparable oncologic outcomes with MWA and could be a safe and effective treatment for HCC in high-risk locations.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer. With increasing morbidity and mortality, it is the third major reason for cancer-associated deaths worldwide. [1] [2] [3] The Barcelona Clinic Liver Cancer (BCLC) classification has been recently used to decide the treatment for early-stage HCC; treatment mainly includes surgical resection, liver transplantation, and local ablation therapy. [4] [5] [6] Nevertheless, many patients lose curative opportunities due to poor physical conditions and donor organ shortage. In terms of treatment, microwave ablation (MWA) has several advantages over radiofrequency ablation (RFA), including higher intratumoral temperatures, shorter duration of operation, and reliance on electrical conductivities. [7] [8] [9] Despite its proven safety, the comprehensive and secure ablation of cancers in high-risk locations is challenging due to suboptimal conspicuity, insufficient electrode path, and the risk of thermal injury to neighboring organs. Moreover, patients may suffer from mild to moderate pain for several days after an RFA or MWA.
Percutaneous cryoablation (CRA), another local ablation technique, is commonly reported for HCC. CRA has numerous exclusive benefits over RFA, such as a more evidently visible ablative periphery, larger ablative areas, and lesser pain. 10 There have been considerable advancements in CRA technology, including the development of percutaneous methodologies and a novel argon-helium cryo-equipment with tinnier probes. 11 Guanghua Rong et al have documented that in HCC patients who experienced percutaneous CRA, the occurrence of main obstacles and tumor seeding was as little as 6.3% and 0.78%, respectively. 12 Compared to surgical resection or RFA, CRA also revealed equivalently decent results and an even greater local tumor control during the treatment of early-stage HCC. 13, 14 However, to date, no studies have compared MWA and CRA therapies for HCC, especially of those in high-risk locations.
Thus, the present study aimed to compare the efficacy as well as safety of MWA and CRA for the treatment of HCCs in high-risk locations. Furthermore, the efficacy of CRA as a supplementary treatment for HCC in high-risk locations was investigated for future use in clinical practice.
Methods

Study Design And Patient Selection
In this single-center study, the medical records of all HCC patients admitted between April 2014 and March 2017 were retrospectively reviewed. Around 874 consecutive HCC patients underwent percutaneous ablation treatments, of which 412 patients with HCC in high-risk locations experienced MWA or CRA throughout the duration of the study. Patients were included in the study if: 1) they were diagnosed with HCC by a preoperative core biopsy; 2) the Child class was A or B; 3) the HCC was located in a high-risk location, i.e., less than 1 cm from the abdominal wall and neighboring organs, such as the stomach, colon, gallbladder, kidney, and diaphragm; 4) they had received no treatment before; 5) the tumor number and diameter was less than three and 5 cm, respectively; 6) vascular invasion or extrahepatic metastasis was absent; 7); 8) they had refused a liver transplantation; and 9) if they had chosen to undergo MWA or CRA over liver resection, for reasons including an insufficient postoperative remnant liver, reluctance to undergo liver resection and general anesthesia, and high risk of complications (in case of inaccessible location or old age). Patients were excluded in case of: 1) recurrent HCC; 2) serious comorbidities such as cardiopulmonary and renal insufficiency; 3) severe coagulation disturbance (prothrombin time >25 s, prothrombin activity <40%, and platelet count <50×10 9 /L); and 4) severe infection.
Thus, as shown in Figure 3 , 292 patients were excluded, because they did not meet the inclusion criteria. Consequently, 120 patients, including 88 men and 32 women (median age: 57.2 years, range: 28-75 years) with HCC in high-risk locations were incorporated in this study. Around 64 patients (18 females, 46 males; average age: 55.2±7.2 years) who underwent MWA, were categorized into the MWA group and 56 patients (14 females, 42 males; average age: 54.9±11.3 years) who underwent CRA, were categorized into the CRA group. The clinical features of the participants and tumors were recorded.
All experimental protocols conformed to the ICH guidelines for good clinical practices and with the principles of the Declaration of Helsinki. The study was approved by the Ethics Committee of the Fujian Provincial Hospital. All patients signed informed consent forms.
MWA Procedure
The MWA system comprised of a water-cooled microwave apparatus (Kangyou Institute, Nanjing, China) equipped with monopole antennae (16-18 G) that were composed of flexible coaxes; these antennae were connected to a water pump and MW generators (two for each). All patients underwent computed tomography/magnetic resonance imaging and ultrasound sonography (US) before the treatment. The biopsy was performed in 2-3 separate punctures following local anesthesia. Guided by US, the antennae were placed at specific locations on the tumors. Hydrodissection was performed in 21 patients; under US guidance, 5% glucose or 0.9% saline in water was injected through a 21-G needle attached to a 50-mL syringe via a connecting tube, in order to separate the tumor from the surrounding organs. 15 In 48 patients, one antenna was inserted less than 1.7 cm into the center of the tumor, while in 16 patients, multiple antennae were inserted up to 1.7 cm (one case shown in Figure 1 ) or more into the tumor centers. Two antennae were used simultaneously during MWA to achieve a larger ablation zone, and a power output of 50 W for 10 mins was used routinely. The nominal power was set at 300 W/h. The higher temperatures and larger sphere volume could inadvertently burn non-target structures, especially in case of peripheral hepatic tumors abutting to the gastrointestinal tract. After the punctures were completed, propofol and ketamine were administered for anesthesia. If the resulting vapor failed to cover the entire tumor, the microwave radiation time was prolonged to achieve the required temperature. The microwave needle tract was ablated during the removal of the needles. For tumors infiltrated subcutaneously, an ice bag was required to prevent scalding during ablation.
CRA Procedure
CRA was performed using the Cryo-Hit TM (Galilmedical, Israel) with argon gas as the cryogen, by a skilled interventional radiologist, as shown in (Figure 2 ). Following local anesthesia, cryoprobes were introduced percutaneously into specific lesions using CT assistance; a plain CT scan was first taken to confirm the puncture path and the location of the target lesion. The number of cryoablation sessions required in each patient was mainly determined by the size of the targeted area. Around 1-3 cryoprobes (probe diameter, 2.1-2.4 mm) were used based on the tumor characteristics. In 38 patients, a single probe was inserted less than 2.0 cm into the center of the tumors, while in 18 patients, multiple probes were inserted into the tumors to up to 2.0 cm or more. The cryoprobe was positioned 1 cm away from the other organs surrounding the tumor. Of all patients, about 25.0% received a direct tumor puncture, because the HCCs were present on the liver surface near the abdominal wall, while 39.3% received a non-tumor parenchyma puncture. The cryoprobe was located by a routine CT scan. A dual freeze-thaw cycle was conducted during ablation; each cycle included a freezing period (10 min) and a thawing period (8 min).
Follow-Up And Endpoints
Follow-up was done at one and three months after the treatment, and thereafter, at an interval of 3-6 months. The follow-up included general physical examination, contrast- enhanced imaging, and laboratory tests for total bilirubin, serum albumin, prothrombin time, tumor marker levels, and so forth. Efficiency of methodology was described as the lack of contrast-enhancement in any part of the mass on imaging after one month from the treatment. The investigation ended with death as well as tumor reappearance [local tumor progression (LTP) and intrahepatic distant recurrence (IDR)]. LTP was determined based on the uneven enhancement patterns around the ablation area observed during imaging. IDR was defined as the occurrence of an uneven enhancement pattern (specific to an intrahepatic lesion) far from the ablation area. Once the tumor recurred, a second ablation was conducted. Overall survival (OS) was calculated as the time from the first ablation treatment to death or the final followup. Recurrent-free survival (RFS) was calculated as the time from the first ablation treatment to tumor recurrence or the last follow-up. Complications referred to those syndromes that resulted in high morbidity or disability and led to hospital admission, an increase in the care level, or prolonged the hospitalization time. 16 
Statistical Analysis
All statistical analyses were conducted using SPSS 21.0 and P<0.05 was considered as statistically significant. The Student's t-test was used to analyze the data from the MWA and CRA groups. The Wilcoxon signed-rank test and the Pearson's chi-squared test were used to analyze continuous and absolute variables, respectively. The Kaplan-Meier method was used to assess the OS, RFS, and LTP. A Cox regression model was adopted to inspect the impact of multiple factors on the reappearance and survival rates.
Results
Baseline Characteristics
The clinical features of the participants and tumors are reviewed in Table 1 . The mean age, gender, maximum diameter, and tumor number were similar in both groups. The comorbid disorders, metastases, cirrhosis, KPS scores, HBsAg, Child-Pugh (CTP) grade, and adjacent structures were also comparable between the two groups. While serum albumin levels were similar in both groups, the total bilirubin levels and platelet counts were significantly lower in the MWA group than in the CRA group (P=0.002 and P=0.032, respectively). The LTP was significantly greater in the MWA group than in the CRA group (P= 0.039).
Treatment Parameters
The treatment parameters are described in Table 1 . Sixtyfour patients with 70 tumors underwent 76 treatments sessions in the MWA group; 64 tumors were effectively treated in one MWA session and six tumors in two sessions. Fifty-six patients with 64 tumors underwent 68 treatments sessions in the CRA group; 60 tumors were effectively treated in one CRA session and four tumors in two sessions. The surgical time, anticipated blood loss, cost, and hospitalization periods were similar in both groups.
Midterm Survival And Recurrence Outcome
The average follow-up duration was 19.9 months (range: 3.3-46.2 months). In the MWA group, the mortality rate was 18.8% (12/64 patients), with tumor progression as the primary cause of casualty. In this group, 12 patients had comorbid disorders, mainly including hypertension and/or diabetes. In the CRA group, the mortality rate was 14.3% (8/56 patients), and the primary cause of fatality was local or systemic HCC development. During follow-up imaging, it was observed that a 100% method success rate was accomplished in both groups (MWA: 70 of 70 treatments; CRA: 68 of 68 treatments). Following treatment, about 75% (n=48) and 25% (n=14) of the patients in the MWA and CRA groups, respectively, developed LTP lesions. Distant metastasis was observed in 19.6% patients (n=14) following MWA and in 17.8% patients (n=10) following CRA. The key outcomes (ie, OS, RFS, and LTP) were investigated using the log rank test (Figure 4) . The 1-, 3-, and 5-year OS rates were 85.8%, 63.5%, and 63.5%, respectively in the MWA group and 92.0%, 87.4%, and 74.9%, respectively in the CRA group; thus, presenting no substantial differences. The 1-, 3-, and 5-year RFS rates were 77.8%, 49.0%, and 49.0%, respectively in the MWA group and 81.4%, 58.5%, and 46.8%, respectively in the CRA group; again, no substantial differences were observed. The 3-, 6-, 9-, and 12-month LTP rates were 3.1%, 6.3%, 9.4%, and 15.9%, respectively for the MWA group and 0%, 0%, 3.7%, and 19.0%, respectively for the CRA group; significant differences were observed (P=0.039; acquired from the log rank test for complete curves).
Univariate And Multivariate Evaluations
Univariate and multivariate logistic regression analyses were performed to identify the predictors affecting the intermediate-term outcomes in the patients. Univariate analysis indicated substantial differences in the OS rates, which were dependent on the age, tumor size, and the CTP grade. Multivariate analysis indicated that age (≥65 years), tumor size (3.0-5.0 cm), and the CTP grade (B) were independently associated with a poor OS ( Table 2 ). Univariate analysis indicated significant differences in the RFS rates, which were dependent on the number of sessions and the tumor size and number. Multivariate analysis revealed that tumor size (≥3 cm), multiple tumors, and multiple sessions were independently associated with a poor RFS (Table 3) .
Complications
There were no treatment-associated fatalities; the complications following ablation are summarized in Table 4 . There were four major complications in the MWA group. One patient developed liver abscesses, while one developed tumor seeding. Two patients developed pleural effusion that required drainage. In the CRA group, no major complications were observed. Therefore, the major complication occurrence rate was greater in the MWA group (4 of 64; 6.3%) than in the CRA group (0 of 56; 0%) (P=0.039). The primary minor complications, including postoperative pain and fever, were higher in the MWA group than in the CRA group (P=0.001).
Discussion
Ei S et al have reported that CRA is a safe and an effective method, which compared to RFA or MWA, provides a significantly more improved local control for the treatment of primary HCCs (>2 cm). 17 Chunping Wang et al published a multicenter RCT study, comparing the outcomes between percutaneous CRA and RFA for the treatment of HCC (<4 cm in diameter); 18 while the RFS and OS rates were comparable between the two groups, the LTP was greater in the MWA group than in the CRA group. CRA has greater benefits over RFA and MWA, such as lesser post-ablation pain and a clearer boundary. 19, 20 However, whether lesions in high-risk locations affect the complete ablation rate and oncological outcomes, and which ablation technique is more suitable for their treatment remains unclear. The objective of the present study was to compare the oncological outcomes of HCCs in high-risk locations between the MWA and CRA groups. High-power microwave equipment, with a generator frequency of 2.45 GHz and an internal fluid cooling system, provides a larger spherical ablation zone within shorter duration. [21] [22] [23] MWA mechanism involves applying highspeed molecular friction that generates a persistently high temperature; this causes protein denaturation and coagulative necrosis of the tumor cells, resulting in the in situ inactivation of the tumor. In the treatment of early-stage HCC, MWA achieves a lower LTP rate than RFA; however, using MWA in the treatment of HCCs in high-risk locations, such as those abutting the diaphragm, gastrointestinal tract, renal, and so on, is challenging, 24-26 because a limited ablation volume is generated in order to avoid damage to the surrounding organs. Filippiadis et al. 27 examined 26 patients with 36 HCC lesions in challenging locations, who underwent CT-guided percutaneous MWA; they found that the 2-and 5-year OS rates were 92.3% and 72.1%, respectively, with a technical efficiency rate of 100%. Smolock AR et al. 24 reported that 55 peripheral hepatic tumors adjoining the diaphragm were treated by MWA supported by artificial ascites; the LTP rate and postoperative pain was lesser than that in the non-artificial ascites group. Zhang D et al assessed the sequestering influence of a thermosensitive hydrogel throughout percutaneous MWA of the liver tissue adjoining the stomach; they suggested that thermometry needles can protect the nearby stomach wall from damage during the MWA procedure. 26 It is necessary to confirm the outcomes of MWA for HCC in high-risk locations.
Percutaneous cryoablation for cancer cells involves the following mechanisms: 1) intracellular ice development, 2) solute-solvent shifts that trigger cell dehydration, and 3) rupture and small-vessel destruction resulting in hypoxia. With the advent of newer technologies, including a minimally invasive percutaneous approach and a newer and safer generation of cryoablation devices, the effectiveness and safety of CRA treatment for HCC has improved. 11, 18, 28, 29 In case of CRA for lesions in high-risk locations, damage to the surrounding organs is not a concern and the ablation edges are clearly visible. Thus, percutaneous CRA is suitable for the treatment of HCCs, especially those in high-risk locations. Guanghua Rong et al reported that the cumulative 5year LTP and OS rates of 866 HCC patients, who met the Milan criteria and underwent CRA, were 24.2% and 59.5%, respectively. Advanced age, multiple lesions, and HCC family history were found to be the independent and significantly negative predictors of the OS rates. 12 In this study, the OS and RFS rates were analyzed among 120 patients experiencing CRA or MWA. The clinical effectiveness of MWA and CRA in the treatment of HCC in highrisk locations was compared. After matching the approximate liver function, CRA showed survival outcomes and reappearance rates similar to those for MWA. However, the LTP following CRA was significantly lower than that after MWA. The advantage of CRA over MWA for high-risk HCC includes a clearer ablation margin and a larger ablation sphere (accomplished with a combination of multiple probes). These results suggested that a 5-10 mm safe margin can decrease the LTP rate. The 5-year OS rate in the CRA group was 74.9%, which is higher than the rates reported for other ablation treatments. 30, 31 Multivariate analyses indicated that an older age (>65 years), tumor size (3.0-5.0 cm), and the CTP grade (B) were significant prognostic factors for poor OS in CRA and MWA treatments. Additionally, compared to MWA, CRA was generally well-tolerated, had manageable adverse events, and correlated with the ablative margin volume and site. It may usually be self-limited. There were no major complications in the CRA group and the post-ablation pain was lower than that in the MWA group, suggesting that HCC patients who undergo CRA have a higher quality of life following ablation. Both MWA can CRA can improve a patient's immune system and have other beneficial treatment effects. Following the local ablation treatment, a dramatic increase in the CD4+ cells, CD4+/CD8+ ratio, and NK cells was observed in the HCC patients, while the CD8+ cell number had significantly decreased. 32 Our study has several limitations. Firstly, the sample size was small, which may have decreased the statistical power in comparative evaluations; thus, several relations may have remained unidentified. Secondly, because all patients in our cohort were treated at a single medical Note: Data in parentheses are 95% confidence intervals. MWA is the abbreviation of microwave ablation. CRA is the abbreviation of cryoablation. Variables were analyzed by a univariate model of Cox Proportional Hazard Test; those with a P-value < 0.05 were showed here and were forwarded to the multivariate analysis.
center, referral bias could not be avoided completely. Thirdly, the accomplishment of ablation was evaluated comparing radiographic outcomes with the pathological margin-free status. Hence, in spite of intermediary follow-up, identification of ablation failures with radiographic techniques may take longer. Finally, inconsistencies in the imaging modalities in the single center may cause a difference in the ablation procedure and may change the LTP risk.
In conclusion, the clinical outcomes of CRA and MWA in the treatment of HCC were comparable. These treatments may be safe and effectual for lesions in high-risk anatomical locations. Furthermore, CRA was associated with lesser instances of postoperative fever and lesser pain, as compared to MWA. 
